The essential oil in the peel and pulp of a popular green Thai mango, Khieo Sawoei cultivar (Mangifera indica L.) has been characterized by means of the odor thresholds. ␥-Terpinene, (E)-␤-ocimene, (E)-2-hexenal, hexanal, and (Z)-3-hexen-1-ol were the major components. These major components differed from those of African mangoes, Florida mangoes, Indian mangoes and yellow Thai mangoes. The volatile oils from the pulp and the peel showed a high similarity of the volatile components in both sites. Odor unit values (U o ) of volatile components in both parts let us find out the aroma potent components in the Khieo Sawoei mango. Thus, nine compounds: hexanal (U o ‫)981؍‬ and (E)-2-hexenal (U o ‫)231؍‬ in the pulp showed higher U o values (more than 1), while sixteen compounds: 2,4-decadienal ( Keywords: Mangifera indica L., Thai mango, Khieo Sawoei cultivar, peel oils, pulp oils, odor spectrum value, odor unit A number of volatile components from several kinds of mango fruits have been identified in past decades (Schreier & Idstein 1984; MacLeod & Snyder 1988b; Shibamoto & Tang, 1990) . New techniques such as headspace analysis (Malundo et al., 1997; Vodovotz et al., 1993) and measurement of bound aroma compounds (e.g. glycosides; Adedeji et al., 1992) have been applied for the isolation and characterization of volatiles. In these various varieties, there is considerable variation in volatile composition and aroma quality. However, few studies concerning the volatiles in Thai mangoes have appeared in the literature. Recently, antioxidant compounds in mango peel fibres were reported to have beneficial effects on health in high-dietary-fibre diets (Larrauri et al., 1997) . Gholap and Bandyopadhyay (1977) studied on the volatiles in the latex of green raw mango. Utilization of mango peels for industrial purpose (Rashad et al., 1990) must be encouraged more than before. Therefore, we demonstrated the possibility of utilization of the peel oils to improve the aroma quality of processed Thai mangoes.
A number of volatile components from several kinds of mango fruits have been identified in past decades (Schreier & Idstein 1984; MacLeod & Snyder 1988b; Shibamoto & Tang, 1990) . New techniques such as headspace analysis (Malundo et al., 1997; Vodovotz et al., 1993) and measurement of bound aroma compounds (e.g. glycosides; Adedeji et al., 1992) have been applied for the isolation and characterization of volatiles. In these various varieties, there is considerable variation in volatile composition and aroma quality. However, few studies concerning the volatiles in Thai mangoes have appeared in the literature. Recently, antioxidant compounds in mango peel fibres were reported to have beneficial effects on health in high-dietary-fibre diets (Larrauri et al., 1997) . Gholap and Bandyopadhyay (1977) studied on the volatiles in the latex of green raw mango. Utilization of mango peels for industrial purpose (Rashad et al., 1990) must be encouraged more than before. Therefore, we demonstrated the possibility of utilization of the peel oils to improve the aroma quality of processed Thai mangoes.
In Thailand, green mangoes are consumed in significant quantities as well as the yellow mangoes at the mature stage. Keaw species is the major greenish cultivar used for processing; Khieo Sawoei cultivar is a high quality cultivar for matured green mangoes in Thai markets. We have not found any papers reporting studies on the volatile compositions and aroma profiles of green mangoes. This paper deals with the identification and characterization of volatile components in a green Thai mango, Khieo Sawoei mango using odor unit values and odor spectrum values of the volatile components in the peel and the pulp.
Materials and Methods
Materials The Khieo Sawoei mangoes used in this study were obtained from a local market in Bangkok, Thailand in November 1996 and May 1997. This fruit can be harvested all year long in Thailand. The fresh fruits were frozen quickly at Ϫ20˚C and then transferred to Japan, where they were peeled and sliced. Finally, the fruit pulp was removed from the stone. The peel and the pulp were kept in a freezing room at Ϫ20˚C. Data in Table 1 to Table 3 were collected from the mangoes harvested in 1996.
Isolation of volatile components Materials (372 g of pulp and 365 g of peel) of the frozen pulp and the peel were separately homogenized and placed in a 1 l round bottom flask connected to one arm of a Likens-Nickerson apparatus for simultaneous distillation extraction (SDE) with 30 ml of diethyl ether; this extraction was conducted for 1 h. The aroma extracts were dried on anhydrous sodium sulfate for 12 h at 0˚C and then the solvent was removed to a final volume of 1-2 ml with a Vigreux column at 50˚C. Further concentration was achieved by a mild stream of nitrogen gas to remove the solvent (less than 5%).
Analysis of aroma components by gas chromatography and gas chromatography-mass spectrometry GC analysis of the mango concentrates was performed on a Hewlett-Packard Model 5890 (Yokogawa Analytical Systems, Tokyo) equipped with a Shimazdu C-R6A integrator, a 60 mϫ0.25 mm fused silica capillary column coated with DB-WAX (J&W, Folsom, CA), and a 50 mϫ0.25 mm capillary column coated with OV-101 (GL Sciences, Tokyo). The oven temperature was held at 40˚C for 10 min and then programmed to 200˚C at 2˚C/min. The carrier gas was nitrogen (flow rate 0.67 ml/min) and the split ratio was determined to be 1 : 60. The temperatures at the injection port E-mail: tamura@ag.kagawa-u.ac.jp and the flame ionization detector were 220˚C and 220˚C, respectively. Retention indices were recorded on the integrator automatically as a BASIC program (Sugisawa et al., 1988) . For GC-MS analysis a Hewlett-Packard Model 5890 (Yokogawa Analytical Systems, Tokyo) gas chromatograph was directly coupled to a JEOL JMS-SX 102AQQ double-focusing mass spectrometer (JEOL, Tokyo). The operating conditions were as follows: ion source temperature, 220˚C; EI 70 eV; accelerating voltage, 10 kV; and resolution, 1000. The column and chromatographic conditions were the same as described above. Carrier gas for GC-MS was helium. Calculation of each concentration of the volatile components detected was based on the gas chromatographic area percentage, the oil weight and total sample weight, and then expressed as ppm.
Statistical analysis In order to determine the similarity of aroma composition between the pulp and peel of Khieo Sawoei mangoes, relative percentages of 38 common volatile compounds in pulp and peel oils and odor spectrum values of 6 common volatile compounds in Table 2 and Table 3 were computed using Pearson's correlation (Systat ver 5.2 for Macintosh, Evanston, IL).
Determination of odor-detection threshold The odor threshold of the individual components was determined by a two-out-of-five test for difference as described (Tamura et al., 1996; Padrayuttawat et al., 1997) . Thus, two cups of five contained aqueous solutions of volatile compounds while the other three cups contained pure water. Each brown glass cup (66 mm height, 30 mm i.d.; total volume approximately 45 ml) contained 20 ml of the solution. The temperature of the sensory room was controlled at 20-25˚C. Panel members were 4 males and 8 females, ranging in age from 21 to 35 years with a mean of 27 years. They had more than one month of experience at training detection thresholds of chemicals and determined which two cups contained the volatile compounds. Each aqueous solution of volatiles was diluted by a factor of two until the solution was judged as odorless. The concentration at which panel members could no longer detect the compounds was defined as the odor threshold. Individual threshold values collected from all panel members were transferred to the logarithmic values and then the means calculated were converted back to the real values. The odor detection thresholds of forty-six compounds were determined under these conditions.
Calculation of odor unit values Concentration of the individual volatile components detected was calculated on the basis of the gas chromatographic area percentage, the oil weight and the sample weight. Thus, the concentration of individual volatile compounds was determined by the ratio of the oil weight of each volatile component against the total pulp weight or peel weight, and expressed as parts per million. The odor unit values of 46 chemicals were calculated according to the concept of the odor unit proposed by Rothe & Thomas (1963) and Guadagni et al. (1966) as follows, Odor spectrum value (OSV) which is the normalized odor unit value modified by an approximate Stevens' law exponent (nϭ0.5, Stevens, 1958; Acree, 1997) was calculated as follows,
: perceived odor intensity of individual compound, max : maximum value of .
Results and Discussion
Volatile oils from the pulp of Khieo Sawoei mango Volatile oil (9.6 mg) was recovered from the pulp of the mango fruits. Engel & Tressl (1984) and Wong & Ong (1993) have applied SDE method to Egypt mangoes and Malaysian mangoes, respectively. Recently, yellow Thai mangoes (Tamura et al., 2000) and Brazilian mangoes (Andrade et al., 2000) underwent simultaneous distillation-extraction and GC-MS analysis to characterize the volatile compositions. Figure 1 shows two gas chromatograms of the volatile oils from the pulp and peel of Khieo Sawoei mango cultivar. The volatile compounds from the pulp and peel comprising 98% of the total oils were identified by GC-MS. Table 1 shows the volatile components identified in the pulp and peel oils. Forty-eight compounds in the pulp oils were identified. For hydrocarbons in the oil, ␥-terpinene overlapped with (E)-␤-ocimene was eluted as the major component in the hydrocarbons. The overlapped compounds were slightly separated into two peaks with an OV-101 column (7.40 ppm for ␥-terpinene and 1.06 ppm for (E)-␤-ocimene). Both chemicals were major components in the hydrocarbons. Gholap and Bandyopadhyay (1977) reported that hydrocarbon terpenes such as myrcene and (Z)-␤-ocimene were responsible for the green aroma of the fresh Indian mango, Alphonso and Batali cultivars. However, we detected the hydrocarbons at low concentrations in the oil. Popular mango cultivars in the world reputedly have distinguishable flavor characteristics. These aroma differences may be partly accounted for by the major components (Berry, 1979; MacLeod & Pieris, 1984) . For example, some cultivars such as African mango (Sakho et al., 1985) , Venezuelan mangoes (MacLeod & de Troconis, 1982) , Tommy Atkins (MacLeod & Snyder, 1988b) and Keitt (MacLeod & Snyder, 1985) in Miami, contained ␦-3-carene as the major components. ␦-3-Carene was a major potent aroma factor for green aroma and mango leaf-like aroma in those mangoes, whilst this compound has not been detected in an Indian cultivar, Alphonso (Bandyopadhyay & Gholap, 1973; Engel & Tressl, 1983) , or a Sri Lankan (MacLeod & Pieris, 1984) cultivar. A small amount was contained in the yellow Thai mangoes, Keaw, Ok-rong, Choak-anand, and Nam Dokmai (Tamura et al., 2000) . Major volatile components in these four Thai mangoes were terpinolene and ␤-caryophyllene. In the case of Khieo Sawoei cultivar, ␦-3-carene could not be found at all in the volatiles, and terpinolene and ␤-caryophyllene were also present only in a small amount in the oils. Concerning hydrocarbons in mango oil of the Khieo Sawoei cultivar, the major components were quite different from other mangoes, including the other Thai mangoes.
As far as the oxygenated volatile compounds, C 6 compounds were the main metabolites as shown in Table 1 . These C 6 compounds are probably derived from lipid peroxidation of fatty acids (Bandyopadhyay & Gholap, 1973 ) and the related compounds. Nine derivatives of C 6 compounds: hexanal, (Z)-3-hexen-1-ol and the esters were identified in the Khieo Sawoei cultivar. Baladi mango (Engel & Tressl, 1983 ) from Egypt con-
tained ethyl (Z)-3-hexenoate. The Sri Lankan mangoes (MacLeod & Pieris, 1984) Jaffna and Willard mango had ca. 10% of C 6 compounds. Its aroma would contribute intensely to the green and fruity note. We extracted the total oils from Khieo Sawoei cultivar twice in different years (1996 and 1997) and calculated the amount of (E)-2-hexenal: the amounts were 10.81 and 8.32 ppm (whole data not shown), respectively. The extraction was done immediately after slicing and homogenizing, so that the reproducible formation of (E)-2-hexenal was observed. Four of the Thai mangoes (Tamura et al., 2000) did not contain a large amount of C 6 compounds in the oils by the SDE method. Thus, the amount of (E)-2-hexenal in Ok-rong mango was 0.01 ppm, Table 1. and for Keaw mango, it was 2.77 ppm. The mature yellowish Keaw cultivar still partly has some green color on the peel, while the skin color on the peel of the matured Khieo Sawoei cultivar is entirely green. That may be the reason why a large amount of (E)-2-hexenal was isolated from the peel. Furthermore, no lactone was found. The lactones found in yellow Thai mangoes were reported to play an important role in the peach-like aroma (Wilson et al., 1990; MacLeod et al., 1988a) . These results are consistent with forming of the green aroma and lack of the sweet aroma like peach and nectarine in high quality of a green mango, the Khieo Sawoei cultivar. Volatile oils from the peels of mango fruits The peel (365 g) contained 22.2 mg of the oils (60.8 ppm). Mango roughly consists of ten parts of pulp and one part of peel in weight. The peel has been wasted without extracting the essential oils in processing mangoes, but it contains a larger amount of the essential oils (60.8 ppm) than the pulp (25.8 ppm). The major components in hydrocarbons of the peels were ␥-terpinene and (E)-␤-ocimene, being coincident with those in the pulp. In oxygenated compounds, (E)-2-hexenal, hexanal and (Z)-3-hexen-1-ol were the major components ( Fig. 1 and Table 1 ). Alcohols such as (E)-3-hexen-1-ol, hexanol and hexadecanol, and hydrocarbons such as ␥-terpinene and ␣-pinene in the peel were more abundant than those in the pulp. Aldehyde contents did not show much difference between the two parts.
Odor unit values and aroma characteristics of the pulp oils and the peel oils of Khieo Sawoei mango (E)-2-Nonenal, (E)-2-decenal and 2,4-decadienal had odor thresholds less than 1 ppb. Odor thresholds of (E)-2-octenal, 3-methybutanal, (Z)-3-hexenal, linalool, ␤-ionone and hexanal were at a 1-10 ppb level. Other compounds had thresholds approximately between 0.1-5 ppm, except ethanol and acetic acid. Compounds having an odor unit of more than 1 in the pulp and peel are listed in Table 2 and  Table 3 . Nine compounds were selected on the basis of the odor unit concept as the potent aroma chemicals for the pulp oil. These nine compounds: hexanal (U o ϭ189) and (E)-2-hexenal (U o ϭ132) in the pulp showed higher U o values (more than 1). For the peel oils, the 16 chemicals of 2,4-decadienal (U o ϭ279),
, and hexanal (U o ϭ115) were selected as the potent aroma compounds, showing a U o value of more than 1. As the amounts of ␥-terpinene in the pulp and peel were very high, 7.4 ppm and 28.0 ppm, respectively, odor unit values of ␥-terpinene in both parts were ranked at the 5th and 3rd positions in the order of U o values, even though the odor threshold was not so low. The refreshing aroma of ␥-terpinene was citrus-like and green mango-like and may contribute to the fresh fruit aroma. On the contrary, 2,4-decadienal and (E)-2-decenal in the peel oils were found only in a very trace amount. However, as the odor thresholds were very low, the odor unit values (odor activity values) were very high. These compounds, having fatty and green aroma, may also contribute to the characteristic aroma of Khieo Sawoei mango.
The relative aroma contribution of the volatile components having larger U o values to the characteristic aroma of the pulp and peel was expressed as the odor spectrum value (OSV) as proposed by Acree (1997) and Ong and Acree (1998) Uo 0.5 on the gas chromatogram can be calculated and evaluated easier than OSV of (Charm value) 0.5 or (FD values of AEDA) 0.5 . In pulp, three kinds of C 6 aldehydes, one C 10 aldehyde, (E)-␤-ocimene and ␥-terpinene had OSV of more than 40%. These six compounds, possessing a fatty, green and fruity aroma may contribute to the aroma of the pulp oils. On the other hand, the aroma in the peel oils is mainly explained by three kinds of C 6 aldehydes, two C 10 aldehydes, one C 9 aldehyde, (E)-␤-ocimene and ␥-terpinene as shown in Table 3 . These eight compounds had OSV of more than 40%. The aroma descriptions of the selected chemicals in the peel were fatty, green and vegetable-like. By OSV technique, it is clear that fatty and green aroma from compounds having higher OSVs strongly characterize the fruit aroma and the selected compounds contribute to the fresh green mango aroma of Khieo Sawoei mango. Furthermore, we can visualize the aroma profile of the green mango using the OSV method. We can compare the standardized aroma profile to that from another cultivar.
The similarity of the composition of volatiles in both parts was quite high (Pearson's correlation coefficient rϭ0.78, coefficient of determination r 2 ϭ0.61, nϭ38). The correlation was significant at the 0.01 level. The peel oil was judged to be an aroma similar to the pulp oils but the aroma was a little more greenish. Eight compounds of the 9 compounds in Table 3 are also found in Table 2 , meaning that those chemicals strongly contribute to the common aroma of both oils. So, the larger amount of the currently wasted peel oil will enhance the green aroma and may be able to be used for adjustment and balancing of the odor of the processed mango by enhancement of the green and waxy aroma.
